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Studies reported  in  the preceding paper  (1)  indicated characteristic differ- 
ences between early and late antisera with  respect to  their reactions in Tal- 
mage test and agglutinin titration. The Talmage test appeared to offer some 
advantage over other methods of assaying antibody to surface antigens mainly 
because  it  is  based  on  the  primary  combination  of  antibody  with  antigen. 
Consequently,  variables resulting  from  the  measurement  of  2nd  stage  reac- 
tions may  be  assumed  to  have  little or no  influence on  the  outcome  of  this 
test. However, the I131-1abelled  antibody eluate, which is the principal reagent 
used in the Talmage test, will almost certainly introduce other variables which 
must be considered in the interpretation of experimental results. The present 
paper is therefore concerned with the effect of different labelled antibody elu- 
ates on the behavior of various antisera in the Taimage test. 
Materials and Methods 
The preparation of antigens and antisera has been described previously (1). The designa- 
tions 56- and 100-antigen refer to bacterial suspensions heated at 56°C. and 100°C., respec- 
tively. Antisera prepared with these antigens are designated 56- or 100-antisera. Sera drawn 
early or late in the course of immunization are described as early and late antisera, respectively. 
The procedure employed in carrying out the Talmage test has been described earlier (1). 
However,  experimental results obtained in the present studies are presented in a  slightly 
different way, in order to facilitate comparison in the same graph of blocking curves obtained 
with different labelled antibody eluates. For this reason, the fraction of radioactivity  absorbed 
from the labelled antibody eluate alone, i.e. in the absence of unknown serum, is expressed as 
100 per cent. Formula 1 of the preceding paper (1) becomes  then: 
p-  (cs) 
Relative percentage  of radioactivity bound by the antigen --  • 1002 
(p +  s)  • e 
in which p  -- counts in the sediment, s  =  counts in the supernate, c  =  fraction of unde- 
canted supernate in the control tube, and e  =  per cent of total radioactivity absorbed by 1 
rag. standard antigen in the absence of unknown serum. 
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EXPE]TIM~;bVrAL 
1.  Eluates from Shigella 56- and  lO0-Antisera.--As  mentioned before  (1), 
steadily increasing combining capacities were regularly observed in Shigella 
56-  and  100-antisera drawn successively during the course of immunization. 
These tests had been carried out by using a labelled antibody eluate prepared 
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FiG. 1. Blocking curves of Shigella 56- and 100-anfisera tested with different labelled 
antibody eluates. Both eluates were prepared from antisera drawn after 13 injections of 
antigen. 
from Shigella 100-antiserum.  In  the  present  studies,  the  experiments  were 
repeated, using labelled eluates from Shigella 100- as well as from 56-antisera. 
The usual preliminary experiments established that, in the absence of un- 
known serum,  each  type of  eluate was  absorbed  equally well by  standard 
Shigella 56-  and  100-antigen. The eluates were  then employed for studying 
unlabelled Shigella 56- and 100-antisera in the Talmage test, using 100-antigen 
in all cases. ShigeUa 56-antisera gave similar blocking curves with both types 
of eluates (Fig.  1).  However, Shigella 100-antisera displayed relatively lower 
combining capacities, and their blocking curves showed a marked decrease in ROLF  I~RETER  637 
slope when tested against eluate from 56-antiserum  (Fig.  1).  Similar phenom- 
ena were not observed with  Vibrio antisera and eluates. 
2. Eluates from Early and  Late Antisera.--Fig.  2  in  the preceding  publica- 
tion (1) indicated  that the blocking curves of early antisera  (9-2/2 and 9-2/4) 
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Fro.  2.  Blocking curves of early  (8-6/2)  and  late  (1-0/13)  Skigdla 100-antisera  tested 
against different labelled antibody eluates. 638  ANTIBODY ELUATES IN CHARACTERIZATION OF ANTISERA 
were less steep than those of late antisera (9-2/13). Blocking curves of steadily 
increasing slope were found regularly with Shigdla and Vibrio antisera drawn 
after 2,  4,  and 6 antigen injections. The curves of antisera taken after 6 or 
more antigen injections fluctuated somewhat in slope, but were always steeper 
than those of earlier antisera. All these curves were based on tests carried out 
with labelled antibody eluates prepared from sera drawn after 8 or more in- 
jections of antigen. 
TABLE  I 
Combining  Capacities of Vibrio Antisera Tested with Different  Antibody Eluates 
Serum No. 
10-1/2 
10-3/2 
11-1/2 
10-3/4 
10-1/4 
9-9/4 
9-1/4 
10-1/6 
10-3/6 
9-5/6 
10-1/8 
10-3/8 
9-2/lO 
9-5/10 
Combining capacity 
measured with 
eluste 
E  L 
<1  <1 
<1  <1 
<1  <1 
18  5.7 
20  5.1 
11  2.7 
45  5.6 
30  4.5 
42  22 
25  11 
180  42 
200  89 
106  20 
150  50 
E/L 
3.15 
3.92 
4.07 
8.03 
6.67 
1.91 
2.27 
4.28 
2.25 
5.30 
3.00 
Serum No. 
10-1/10 
10-3/10 
lo-1/12 
10-3/12 
lO-3/13 
lO-1/13 
9-2/13 
9-5/13 
9-0/13 
6-6/A 
6-7/A 
6-8/A 
6-9/A 
Combining ca~city 
measured wtth 
eluate 
E  L 
420  100 
240  106 
210  45 
180!  89 
120  71 
1201  28 
63  24 
53  20 
18  4.7 
100  35 
84  25 
100  34 
67  20 
Mean. 
E/L 
4.20 
2.26 
4.67 
2.02 
1.69 
4.29 
2.62 
2.65 
3.83 
2.85 
3.36 
2.94 
3.35 
3.57 
The designation 10-1/2 refers to a  serum from rabbit 10-1,  drawn after 2  injections of 
antigen. 
In the present studies, 2 labelled antibody eluates were prepared from early 
and late Shigdla 100-antisera taken after 21 and 13 antigen injections respec- 
tively. The reactions of early and late 100-antisera, taken after 2 and 13 anti- 
gen injections, were  then studied in  the Talmage test,  using these eluates. 
Representative results  are  shown in Fig.  2.  As can be  seen,  late antiserum 
(1-0/13)  gave a  steeper  blocking  curve  than early antiserum  (8-6/2)  when 
tested with eluate prepared from late antiserum. However, this situation was 
reversed in tests with eluate from early antiserum (Fig. 2). Subsequent studies 
t Eluates from sera taken after 2 antigen injections reacted much less strongly with standard 
antigen than eluates from later sera i.e.,  only about 25 per cent of total radioactivity was 
absorbed by 1 mg. (0.05 ml.) standard antigen. Eluate Ve in Fig. 1 of the preceding paper (1) 
may be compared as a  typical example of such preparations. gOLF FgETEg  639 
showed that such reversal occurred only with antibody eluates prepared from 
very early antisera.  Eluates  from antisera  drawn  after 4  antigen  injections 
already reacted like eluates from late antisera;  i.e.,  when these eluates were 
used in  the Talmage  test,  the blocking curves of late antisera  were steeper 
than  those of early antisera.  Similar  studies on  Vibrio eluates  and  antisera 
gave comparable results. 
The finding  that  the slope of blocking curves may vary with the type of 
labelled antibody eluate used raises  the question as to how much this factor 
would influence  measurements  of the combining  capacities of different anti- 
sera.  To investigate this problem,  2 labelled antibody eluates were prepared 
from Vibrio  100-antisera  drawn after 4  (eluate E) and  13  (eluate L) antigen 
injections, respectively. These are the same eluates as illustrated in Fig.  1 of 
the  preceding  publication  (1).  Twenty-seven  different  antisera  were  then 
tested in the usual way against both eluates. The results obtained are sum- 
marized in Table I. As can be seen,  the combining  capacities measured with 
eluate E  were consistently higher than those obtained by using  eluate L, the 
difference averaging 3.57-fold. 
It should be emphasized in this connection that, irrespective of the type of 
eluate used, increasing  combining  capacities and consequently decreasing  a/c 
ratios (as illustrated in Table I  of the preceding  paper) were regularly found 
in Shigella and  Vibrio  antisera  drawn successively at different stages of im- 
munization.  This basic trend  appears  thus  to be real  rather  than  apparent; 
i.e.,  was probably not caused by any incidental properties of certain labelled 
antibody preparations. 
DISCUSSION 
1.  Eluates from  ShigeUa 56-  and  lO0-Antisera.--The  results  reported  are 
easily explained  by considering  the recent finding  by Ewing and Tanner  (2) 
that  Shigella flexneri  type 2a  contains  a  K-antigen  of  the  B-variety.  This 
type of  antigen  loses  its  antigenicity,  but not  its  antibody-binding  power, 
upon boiling at 100°C. for 1 hour (2). A Shigella 56-antiserum,  or an antibody 
eluate  from 56-serum,  must  therefore  be composed of both O- and  B-anti- 
bodies, but a  100-antiserum  and  the  corresponding  eluate  can  contain  only 
O-antibodies,  because it was prepared  with boiled antigen.  However, boiled 
(100-)  antigen must be expected to absorb both types of antibodies equally 
well,  because the antibody-binding power of the B-antigen is not destroyed 
by boiling.  This is in accord with the experimental findings  reported above. 
If then an unlabelled  100-antiserum  (containing  only O-antibodies)  is tested 
against a labelled antibody eluate from 56-serum  (containing O- and B-anti- 
bodies),  only one portion  of the labelled antibody (O)  will  meet with  com- 
petition  from the unlabelled  serum,  while  the other portion  (B)  will  be ab- 
sorbed by the antigen, regardless  of the amount of unlabelled 100-serum pres- 640  ANTIBODY  ELUATES  IN  CHARACTERIZATION  OF  ANTISERA 
ent. Again in accord with the above findings (Fig. 2),  the resulting blocking 
curve must be  expected  to show a  decrease in slope.  Conversely, relatively 
steep blocking curves should result when the composition of labelled antibody 
eluate matches that of the unknown serum. This was shown experimentally 
by  testing 56-antiserum against an eluate from 56-serum  (Fig.  2).  In  tests 
employing eluate from Shigella 100-antiserum,  both  types of antisera  gave 
steep  blocking curves  (Fig.  2),  because  this  eluate  contained only labelled 
O-antibodies which were not affected by the presence or absence of B-anti- 
bodies in the unlabelled sera. 
2. Eluates from Early and  Late A ntisera.--The  above discussion indicates 
that blocking curves of decreased slope must be expected when the labelled 
antibody eluate contains a  portion of antibody which is not represented in 
the unknown serum. Consequently, the data in Fig. 2 may be interpreted to 
indicate that labelled eluates from very early antisera matched the composi- 
tion of very early sera more closely than that of late ones, suggesting differ- 
ences  in  specificity between  early  and  late  antisera.  The  shallow  blocking 
curves obtained with early antisera in tests using eluates from late antisera 
(Fig. 2) may thus indicate that early sera did not yet contain a  full comple- 
ment of antibodies, directed against all surface antigens of the bacterial cell, 
while late antisera and  the corresponding eluates did. This is in agreement 
with the well known fact that typing sera collected after few antigen injections 
give less cross-reactions with related bacterial species  than sera from hyper- 
immune  animals.  Another  explanation for  differences in  specificity may be 
the possible occurrence of antibodies to antigen:antibody complexes, a  phe- 
nomenon which has been discussed most recently by Najjar and Fisher (3). 
The  data  in Table  I  indicate  that higher  combining capacities were  ob- 
tained with eluate E  than with eluate L. This was  true for early and late 
antisera alike, and lack of antibody with certain specificities in early antisera 
can therefore not account for these results. One possible explanation for the 
higher combining capacities obtained with eluate E  may be that this prepara- 
tion reacted more strongly to a  change in the available antigen sites, as was 
indicated by a  steeper absorption curve (cf. Fig. 1 of the preceding publica- 
tion (1)). Such differences in the absorption characteristics of various labelled 
antibody eluates may depend on the characteristics of the serum from which 
the eluate was prepared, and on the antigen:antibody ratio used in absorbing 
the labelled antibody from the crude globulin fraction during the preparation 
of an eluate. 
The data in Table  I  indicate  that  combining capacities determined with 
different labelled antibody eluates cannot be  compared directly. Such com- 
parisons  must  therefore  be  made  with  reference  to  some  standard  serum. 
Columns 4 and 8 in Table I  (E/L) list the ratios of combining capacities meas- 
ured with the two eluates under study. If relation to the effect of a standard ROLF FRETER  641 
serum  were to permit an  exact  comparison of measurements  obtained with 
different eluates, all ElL should be identical. As can be seen, however, extreme 
values deviated from the mean of 3.57  by slightly more than a  factor of 2, 
indicating the maximal error inherent in this comparison. This error may be 
attributable to variation of the relative proportions of antibodies with different 
specificities in different antisera,  or to other variables not  considered in this 
discussion.  The error is,  however, much larger than could be expected from 
chance variations in the technique employed. 
In  general  then,  the  outcome of the  Talmage  test  as  applied  to  bacteria 
appears to be determined by at least 2 factors, the amount of antibody and 
the relative proportion of antibodies with different specificities in the unknown 
serum. The results of this test must be expressed with reference to a standard 
serum. The limitations inherent in such a  procedure have been discussed in 
detail by Maalf~e  and Jerne  (4).  The Talmage  test should  therefore not  be 
expected to provide an accurate quantitative measure of the different prop- 
erties of bacterial antisera. However, the Talmage test appears to be a  valu- 
able  tool for detecting certain trends in the characteristics of antibody pro- 
duced at different stages  of immunization.  Conceivably, some of the factors 
which influence the reaction of an antiserum in the Talmage test may likewise 
affect its ability to confer protective immunity. It is  thus possible that  the 
protective properties of antisera produced at different stages of immunization 
may also show certain trends which may or may not be related to those de- 
scribed above. Relevant studies are planned for the near future. 
SUMMARY 
The results presented indicate that blocking curves of decreased slope are 
obtained with the Talmage test when the labelled antibody eluate contains a 
portion  of antibody which  is  not  represented  in  the  unknown  serum.  The 
blocking curves of late antisera had  steeper slopes than  those of early anti- 
sera when  tested against  labelled antibody eluates prepared from late anti- 
sera.  This situation  was  reversed when labelled  eluates  from early antisera 
were used in the Talmage test. The findings were interpreted to indicate that 
early antisera did not have a  full complement of antibodies, directed against 
all surface antigens of the bacterial cell. 
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